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TECHNIQUES FOR POSITIONING IMAGES 
INELECTRONIC DOCUMENTS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The present invention herein incorporates by reference for 
all purposes the entire contents of: 

(1) U.S. application Ser. No. 10/001,895 filed Nov. 19, 
2001 which issued as U.S. Pat. No. 7,263,659; and 

(2) U.S. application Ser. No. 10/001,894 filed Nov. 19, 
2001 which issued as U.S. Pat. No. 7,149,957. 

BACKGROUND OF THE INVENTION 

The present invention relates to placement of images, and 
more particularly to techniques for determining one or more 
colors for animage and an area within an electronic document 
for positioning the image Such that the image blends in with 
the contents of the electronic document. 

The use of printed images that encode information has seen 
widespread use in recent times. Examples of Such images 
include barcodes, and the like. These images are designed to 
be read by readers that use electro-optical means to scan or 
read the images and decode the information encoded by the 
images. Images such as barcodes are used for various appli 
cations. For example, barcodes (representing Universal Prod 
uct Codes or UPCs) are commonly printed on product labels. 
A barcode reader may be used to scan and decode the infor 
mation encoded by the scanned barcode. The decoded infor 
mation may identify the product or Some characteristic of the 
product. The decoded information may then be communi 
cated to a data processing system for further processing Such 
as determining the price of the product, determining avail 
ability of the product, etc. As another example, barcodes are 
commonly used for linking the physical world to the elec 
tronic world. For example, barcodes may be printed on a 
paper document and Scanning a barcodes enables a user to 
access electronic information. For example, the scanned bar 
code may enable the user to access a web page corresponding 
to the scanned barcode, an electronic version of the contents 
printed on the paper document, multimedia information, etc. 
The barcode printed on the paper document thus acts as a hot 
link to the electronic data. 

There is considerable amount of work being done in the 
area of designing barcodes and reading devices that are con 
figured to read and decoded information encoded by the bar 
codes. There are various types of barcodes including bar 
codes comprising a series of bars of various widths separated 
by spaces of various widths (e.g., ITF14, UPC-E), or com 
prising arrays of dots and rectangles (e.g., PDF417. 
QRcodes), and the like. Traditionally, most barcodes are 
designed to be in black and white to facilitate reading by the 
barcode readers (e.g., black Stripes are printed on a white 
background or separated by white spaces). The white back 
ground reflects more light than the black foreground and this 
property is used by readers to read and decode the barcodes. 
The use of colored barcodes is also becoming increasingly 

popular. In fact, various barcode technologies are being 
developed specifically for colored barcodes. For example, 
two-dimensional barcodes are being designed with a plurality 
of colored glyphs. Barcodes are also being designed with a 
continuous color tone background and a barcode pattern that 
is not identifiable with the naked eye but only by an infrared 
detector reader. Other barcodes are being designed that com 
prise color bars and the color change between adjacent color 
bars encodes the information. Color is also being used to 
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2 
increase the amount of information encoded by a barcode. 
Reading devices are also available that can read colored bar 
codes. For example, Scanners are available that can read and 
decode barcodes whose background is a light color (e.g., a 
color towards the red end of the light spectrum) and whose 
foreground is a dark color (e.g., a color towards the blue end 
of the light spectrum). 
Due to the manner in which images such as barcodes are 

used, they have to printed such that they are clearly visible for 
scanning. This however often causes the barcodes to be 
printed in a visually distracting manner that reduces the aes 
thetic value of the material on which they are printed. Accord 
ingly, techniques for printing the barcodes in a manner that 
renders them less visually distractive but still clearly visible 
are desired. 

BRIEF SUMMARY OF THE INVENTION 

Embodiments of the present invention provide techniques 
for positioning images in an electronic document. The images 
may encode information that can be decoded by devices 
configured to read the images. An area within the electronic 
document for positioning the image and a set of one or more 
colors to be used for the image are determined. The deter 
mined area and set of colors are Such that the image when 
positioned in the electronic document blends in with the 
contents of the electronic document while still being clearly 
visible for reading by reader devices that are configured read 
and decode the information encoded by the image. 

According to an embodiment of the present invention, 
techniques are provided for positioning an image in an elec 
tronic document. An electronic document and a first image to 
be positioned in the electronic document are received. The 
first image may encode information. Information identifying 
a plurality of colors is received. A first area within the elec 
tronic document is determined for positioning the first image. 
Based upon the first area, a set of one or more colors from the 
plurality of colors is determined for the first image. 
The foregoing, together with other features, embodiments, 

and advantages of the present invention, will become more 
apparent when referring to the following specification, 
claims, and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
publication with color drawing(s) will be provided by the 
U.S. Patent and Trademark Office upon request and payment 
of the necessary fee. 

FIG. 1 is a simplified block diagram of a system that may 
incorporate an embodiment of the present invention; 

FIG. 2 is a simplified high-level flowchart depicting a 
method of determining an area within an electronic document 
for positioning a barcode and for determining one or more 
colors for the barcode according to an embodiment of the 
present invention; 

FIG. 3 is a simplified high-level flowchart depicting a 
method of determining a set of one or more colors for a 
barcode according to an embodiment of the present invention; 

FIG.4 depicts results of the performing processing accord 
ing to an embodiment of the present invention; 

FIG. 5 is a simplified block diagram of modules that may 
be used to perform processing according to an embodiment of 
the present invention; 
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FIG. 6A depicts a paper document comprising a barcode 
that has been printed according to an embodiment of the 
present invention; 

FIG. 6B depicts a portion of a web page comprising bar 
codes printed according to the teachings of the present inven 
tion; and 

FIG. 7 is a simplified block diagram of a computer system 
that may be used to practice an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention provide techniques 
for positioning images in an electronic document. The images 
may encode information that can be decoded by devices 
configured to read the images. Examples of Such images 
include barcodes of various types (e.g., vertical stripes bar 
codes, multidimensional barcodes, etc.), QRCodes, image of 
text in optical character recognizable (OCRable) fonts, and 
other like images that can encode information. An area within 
the electronic document for spatially positioning the image 
and a set of one or more colors to be used for the image are 
determined. The area within the electronic document for posi 
tioning the barcode and the set of colors are determined based 
upon attributes or features of the electronic document in 
which the image is to be placed. The determined area and set 
of colors are such that the image when positioned in the 
electronic document blends in with the contents of the elec 
tronic document while still being clearly visible for reading 
by reader devices that are configured read and decode the 
information encoded by the image. Examples of electronic 
documents in which the image may be placed include editable 
documents (e.g., MS Word document), text documents, Tag 
Image File Format (TIFF) files, Portable Document Format 
(PDF) documents, Flash documents, HypertextMarkup Lan 
guage (HTML) documents, and the like. 

In the following description, for purposes of explanation 
and in order to provide a thorough understanding of the inven 
tion, a specific embodiment of the invention is described for 
placing barcodes within an electronic document. However, 
the scope of the present invention is not limited to barcodes. 
The teachings of the present invention may be applied to any 
image that is to be placed in an electronic document. The 
image may encode information that can be read and decoded 
by a reader device. Reader devices may include scanners or 
various types (e.g., laser Scanners), cameras (both digital and 
film-based), video cameras, infrared cameras, and the like. 
Further, specific details are set forth in order to provide a 
thorough understanding of the invention. However, it will be 
apparent that the invention may be practiced without these 
specific details. 

FIG. 1 is a simplified block diagram of a system 100 that 
may incorporate an embodiment of the present invention. 
System 100 depicted in FIG. 1 is merely illustrative of an 
embodiment incorporating the present invention and does not 
limit the scope of the invention as recited in the claims. One of 
ordinary skill in the art would recognize other variations, 
modifications, and alternatives. 
As shown in FIG. 1, a computer or data processing system 

102 is configured to perform processing according to the 
teachings of the present invention. Data processing system 
102 is configured to determine a spatial area (or multiple 
areas) within an electronic document 103 for positioning a 
barcode 104. Data processing system 102 is also configured 
to determine a set of one or more colors to be used for the 
barcode. 
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4 
Data processing system 102 may access the electronic 

document 103 from a memory 105 location accessible to data 
processing system 102. Data processing system may also 
receive an electronic document 103 from a capture device 106 
Such as a scanner, a copier, a camera, etc. For example, a 
scanner may be used to scan a paper document and generate 
an electronic representation of the paper document. Data 
processing system 102 may receive the electronic represen 
tation as the electronic document. As another example, a 
camera may be used to capture an image that represents the 
electronic document received by data processing system 102. 
The electronic document may also be generated by applica 
tions 108 Such as word processing applications (e.g., MS 
Word, MS Excel, Adobe Acrobat), image processing appli 
cations (e.g., Adobe Photoshop), and other applications that 
are capable of generating electronic documents. Electronic 
document 103 may also be received from other sources. 

Barcode 104 to be placed in electronic document 103 may 
be provided to data processing system 102. Alternatively, data 
processing system 102 may be configured to generate the 
barcode. 

According to an embodiment of the present invention, data 
processing system 102 is configured to select the one or more 
colors to be used for the barcode from a set of colors that are 
permitted for the barcode. Information identifying the per 
missible set of colors may be provided to data processing 
system 102 as shown in FIG.1. Alternatively, data processing 
system 102 may be configured to automatically determine a 
set of permissible colors based upon criteria Such as the type 
of barcode, the target reader device to be used for Scanning the 
barcode, and the like. 

Data processing system 102 is configured to determine an 
area within the electronic document for positioning the bar 
code and one or more colors from the permissible colors to be 
used for the barcode based upon features of the electronic 
document in which the barcode is to be positioned. These 
features may include the contents (including text and images) 
of the electronic document, the colors used in the electronic 
document, the distribution of the contents within the elec 
tronic document, a specific portion of the electronic docu 
ment where the barcode is to be placed or associated with, and 
other features of the electronic document. Data processing 
system 102 may be configured to analyze the electronic docu 
ment to extract features of the electronic document. Data 
processing system 102 may then use one or more of the 
features to determine the spatial area for positioning the bar 
code within the electronic document and the one or more 
colors from the permissible colors to be used for the barcode. 

Data processing system 102 may also use other criteria that 
may be used to determine the spatial area within the electronic 
document for positioning the barcode and colors of the bar 
code. For example, the size of the barcode to be positioned in 
the electronic document may be provided to data processing 
system 102 and may influence the determination of the area 
within the electronic document for placing the barcode. Other 
criteria may also include properties of a printer that is to be 
used for printing the electronic document with the barcode, 
the print resolution, the quality of the paper to be used for 
printing, and other like criteria. The other criteria information 
may be provided to data processing system 102, as shown in 
FIG.1. Data processing system 102 may also be configured to 
automatically determine the other criteria information orpor 
tions thereof. 

Data processing system 102 may be configured to commu 
nicate information identifying the spatial area within the elec 
tronic document for positioning the barcode and information 
identifying the one or more colors to be used for printing the 
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barcode to another device or system for further processing or 
to the user. In other embodiment, in addition to determining 
the area within the electronic document for positioning the 
barcode and the one or more colors for the barcode, data 
processing system 102 may also be configured to generate an 
electronic document comprising the original electronic docu 
ment and barcode, wherein the barcode is generated using the 
one or more colors determined by data processing system 102 
and spatially positioned in the area determined by data pro 
cessing system 102. 
The document 110 comprising the original electronic 

document and the barcode may be output to a user via an 
output device 112 coupled to data processing system 102. 
Document 110 may also be communicated to a printer device 
114 that may print the electronic document on a paper 
medium to generate paper document 116. The printed paper 
document 116 is a printed version of the electronic document 
with the barcode printed in a position determined by data 
processing system 102. The barcode is printed using the one 
or more colors determined by data processing system 102. 
Examples of paper documents 116 include photos, greeting 
cards, advertisements, magazine pages, labels, articles, etc. 

Paper document 116 which has the barcode printed on it 
may be used for a variety of different applications. According 
to an embodiment of the present invention, the barcode 
printed on paper document 116 may enable a user to access 
electronic data. A user may scan the barcode using a barcode 
reader 118 that is capable of scanning colored barcodes and 
decoding the information encoded by the barcode. The 
decoded information may then be used to access electronic 
data. Accordingly, in this embodiment, the printed barcode 
links the physical world of the paper document with the 
electronic world. The electronic data may be a URL, multi 
media information, an electronic representation of the paper 
document, pricing information, inventory information, and 
other various types of electronic information the like. Accord 
ing to an embodiment of the present invention, Scanning the 
barcode may invoke an application (e.g., a multimedia player) 
ona computer system that outputs or plays back the electronic 
data. 

Various applications of the paper document with a barcode 
printed on it according to the teachings of the present inven 
tion are possible. For example, the paper document may 
comprise a news Summary and scanning the barcode printed 
on the paper document may invoke a news clip on an output 
device. The paper document may be a greeting card with a 
barcode printed on it and scanning the barcode may invoke an 
audible greeting (e.g., the “happy birthday Song). The paper 
document may be a magazine page comprising an article or 
advertisement with a barcode printed on it and Scanning the 
barcode may initiate playback of a video clip related to the 
article or of the advertisement. Other applications include 
pages for photo albums, video albums, newspaper and maga 
Zine articles, presentation materials and slides, product cata 
logs, motion printing, product boxes, HTML, Flash, MPLG-4 
printing, documents representing multimedia information, 
etc. 

U.S. application Ser. Nos. 10/001,895 and 10/001,894 
(both filed Nov. 19, 2001 and both assigned to the same 
assignee as the present application) describe techniques for 
producing paper documents that represent multimedia infor 
mation. The corresponding multimedia information can be 
accessed using user-selectable identifiers such as barcodes 
printed on the paper document. The teachings of the present 
invention may be used to enhance the printing of the paper 
documents such that the user-selectable identifiers when 
printed on the paper document aesthetically blend in with the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
other contents of the paper document. The entire contents of 
U.S. application Ser. Nos. 10/001,895 and 10/001,894 are 
incorporated herein by reference for all purposes, etc. 

FIG. 2 is a simplified high-level flowchart 200 depicting a 
method of determining an area within an electronic document 
for positioning a barcode and for determining one or more 
colors for the barcode according to an embodiment of the 
present invention. The method depicted in FIG. 2 may be 
performed by software (code modules or instructions) 
executed by a processor, hardware modules, or combinations 
thereof. Flowchart 200 depicted in FIG. 2 is merely illustra 
tive of an embodiment of the present invention and is not 
intended to limit the scope of the present invention. Other 
variations, modifications, and alternatives are also within the 
scope of the present invention. The method depicted in FIG. 
2 may be adapted to work with different implementation 
constraints. 
As depicted in FIG. 2, processing is initiated when data 

processing system 102 receives an electronic document and a 
barcode (any image in general) to be positioned in the elec 
tronic document (step 202). Data processing system 102 may 
access the electronic document from a memory location or 
may receive the electronic document from a capture device or 
an application. Information identifying the barcode may also 
be provided to data processing system 102. In alternative 
embodiments, data processing system 102 may automatically 
generate the barcode. 

Data processing system 102 may also receive or determine 
information identifying a list of permissible colors (step 204). 
The colors included in list of permissible colors may depend 
upon the barcode type received in 202 and the target reader 
device to be used for reading the barcode. The list of permis 
sible colors may comprise one or more colors. The list of 
permissible colors may be a 1-dimensional list or a multi 
dimensional array where each dimension is associated with a 
part of the barcode (e.g., permissible colors for background 
and permissible colors for foreground). If the barcode to be 
positioned in the electronic document is a multi-colored 
multi-dimensional barcode, the list of permissible colors may 
comprise of color arrays. In one embodiment, information 
identifying the list of permissible colors may be provided to 
data processing system 102. In other embodiments, data pro 
cessing system 102 may be configured to determine the list of 
permissible colors. For example, information identifying the 
barcode type and the target reader to be used for scanning the 
barcode may be provided to data processing system 102 and 
based upon that information data processing system 102 may 
be configured to automatically determine the list of permis 
sible colors. 

Other criteria that may be used for determining the area 
within the electronic document for positioning the barcode 
and colors for the barcode may also be provided. For example, 
the size of the barcode to be positioned in the electronic 
document may be provided (step 206). 

Information identifying constraints on the location of the 
barcode within the electronic document may be received (step 
208). For example, a user may identify a specific portion of 
the electronic document where the barcode is to be posi 
tioned. For example, the user may identify a specific page of 
the electronic document where the barcode is to be posi 
tioned, a section of a page, etc. A user may also provide 
information specifying contents of the electronic document 
with which the barcode is to be associated. The contents may 
include for example, an image or any other object within the 
electronic document, a piece of text within the electronic 
document, aparagraph within the electronic document, etc. In 
absence of any location constraining information, the entire 
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electronic document may be considered for positioning the 
barcode (this may be the default mode). 

Data processing system 102 may also receive other infor 
mation that may be used by data processing system 102 to 
determine the area within the electronic document and set of 
colors for the barcode (step 210). The other information 
received in 210 may comprise information identifying prop 
erties of a printer device for printing the electronic document 
and the barcode, print resolution, paper quality, information 
identifying the target reader to be used for reading the bar 
code, etc. Steps 206, 208, and 210 are not required by the 
present invention and may not be performed in Some embodi 
ments of the present invention. 

Data processing system 102 then determines an area within 
the electronic document for positioning the barcode (step 
212). The area may be determined based upon information 
received in 202, 206, 208, and 210. Several different tech 
niques may be used for determining the spatial area within the 
electronic document for positioning the barcode. 

According to one technique, a portion of the electronic 
document is selected and analyzed to determine features of 
the portion. The portion that is selected to be analyzed is 
influenced by location constraining information, if any, that is 
provided. For example, if data processing system 102 has 
received information identifying a specific portion of the 
electronic document where the barcode is to be placed, then 
the specified portion of the electronic document is selected 
and analyzed. If the user has identified an object (e.g., an 
image) within the electronic document with which the bar 
code is to be associated, then the portion that is selected may 
comprise the specified object and sections of the electronic 
document surrounding or proximal to the specified object. If 
no constraints have been placed on where the barcode can be 
positioned within the electronic document, then the entire 
electronic document may be selected and analyzed (i.e., the 
selected portion is the entire electronic document). 
As indicated above, the selected portion of the electronic 

document is analyzed to determine one or more features of the 
selected portion. The features may include distribution of the 
contents (e.g., distribution of text and images) within the 
electronic document, the colors used in the electronic docu 
ment, attributes of the contents of the electronic document, 
and other features of the electronic document (or of the 
selected portion). Based upon the analysis and one or more 
features, an area “A” of the electronic document is deter 
mined having a determined size and located at a specific 
location (location coordinates L(x,y)) within the electronic 
document for positioning the barcode. 

In one embodiment, the selected portion is analyzed to find 
an area that has the lowest variance. The area with the lowest 
variance is then designated as the area (area 'A') for posi 
tioning the barcode. The area with the lowest variance is 
chosen because there would be less information to obstruct 
when the barcode is positioned in the area. In another embodi 
ment, an information content value may be assigned for each 
pixel within the selected portion of the electronic document 
that is analyzed such that the information content value of an 
area with text is higher than the information content value of 
an area with texture. Then the area with the lowest informa 
tion content value may be designated as the area (i.e., area 
'A') for positioning the barcode. In other embodiments, the 
areas within the selected portion of the electronic document 
may also be prioritized such that their likelihood for selection 
is higher over that of other regions. For example, if the bar 
code is to be associated with an image within the electronic 
document, then areas or regions Surrounding the image may 
be selected for analysis. The areas below the image may be 
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8 
prioritized over other regions to increase their chances of 
selection for positioning the barcode. Various other tech 
niques and combinations of the techniques may also be used 
in alternative embodiments. 
The size of the area (area 'A') determined for positioning 

the barcode depends upon the type of barcode and on the size, 
if any, specified for the barcode. For example, a rectangular 
area “A” may be determined for a rectangular barcode and the 
width and height of the rectangle may depend on the size, if 
any, specified for positioning the barcode. The shape of area 
“A” may vary depending on the type of barcode. If no size for 
positioning the barcode has been specified, the data process 
ing system 102 may automatically determine the size of the 
area for positioning the barcode (which in turn determines the 
size of the barcode positioned in the electronic document). In 
one embodiment, the size of the determined area “A” may 
correspond to the size of the barcode received in 202. In other 
embodiments, the area A' determined for positioning the 
barcode may be smaller than the size of the barcode received 
in 202 and the barcode may be shrunk to fit the smaller area A. 
In other embodiments, the area A' determined for position 
ing the barcode may be larger than the size of the barcode 
received in 202 and the barcode may be expanded to fit the 
larger region. Other factors that may be considered in deter 
mining the size of area A for positioning the barcode include 
the print resolution, the type of barcode, the target barcode 
reader, and the like. According to an embodiment of the 
present invention, the Smallest size possible may be used for 
positioning the barcode. The size of area A' is determined 
such that the barcode when positioned in area A' is incon 
spicuous and blends in with the contents of the electronic 
document but is also clearly visible for error-free reading by 
a barcode reader. 

Referring back to FIG. 2, after an area within the electronic 
document has been determined for placing the barcode, data 
processing system 120 then determines a set of one or more 
colors to be used for the barcode (step 214). The colors to be 
used for the barcode are selected from the list of permissible 
colors received or determined in 204. The colors selections 
are restricted to colors from the permissible list of colors as 
other colors may cause an error in the Scanning and decoding 
of the barcodes. As previously indicated, the list of permis 
sible colors may depend upon factors such as the barcode 
type, the target barcode reader, the print resolution, the paper 
quality, printer properties, etc. Details related to techniques 
for determining a set of colors to be used for the barcode are 
provided below with respect to FIG. 3. The set of colors 
determined in 214 may include one or more colors depending 
upon the number of colors that are allowed or needed for the 
barcode. 

Data processing system 102 may then output or commu 
nicate information identifying the area within the electronic 
document determined in 212 for positioning the barcode and 
the set of one or more colors determined in 214 for the 
barcode (step 216). The output information may include the 
location of the area within the electronic document and the 
size of the area. The information may be communicated to 
another device or system that is configured to perform further 
processing using the information. Processing may end after 
step 216. 

In some embodiments, data processing system 102 may 
also create an electronic document comprising the original 
electronic document received in 202 and the barcode posi 
tioned in the area determined in 212 and generated using the 
set of colors determined in 214 (step 218). The electronic 
document comprising the barcode may be output using an 
output device such as a monitor or display. 



US 7,454,086 B2 
9 

The electronic document with the barcode may also be 
printed on a paper medium to generate a paper document 
comprising the original electronic document and the barcode 
printed in the area determined in 212 using the set of colors 
determined in 214 (step 220). The printed paper document 5 
may be used for various applications. 

FIG. 2 describes a method for determining an area within 
an electronic document and colors for a single barcode. It 
should be apparent that the teachings of the present invention 
may also be used for positioning or placing multiple barcodes 
within an electronic document (or in multiple electronic 
documents). For each barcode, an embodiment of the present 
invention is configured to determine a spatial area within the 
electronic document for positioning the barcode and a set of 
colors to be used for the barcode. The teachings of the present 
invention may also be applied for determining multiple loca 
tions with an electronic document for placing a barcode. 
Further, the techniques of the present invention may be used 
to determine one or more colors for different types of bar 
codes (or images in general) such as barcodes represented by 
Vertical or horizontal bars, multi-dimensional barcodes, 
infrared barcodes, etc. The shape and size of the images to be 
placed in the electronic document may also vary. 

FIG. 3 is a simplified high-level flowchart 300 depicting a 
method of determining a set of one or more colors for a 
barcode according to an embodiment of the present invention. 
The method depicted in FIG.3 may be performed by software 
(code modules or instructions) executed by a processor, hard 
ware modules, or combinations thereof. Flowchart 300 
depicted in FIG. 3 is merely illustrative of an embodiment of 
the present invention and is not intended to limit the scope of 
the present invention. Other variations, modifications, and 
alternatives are also within the scope of the present invention. 
The method depicted in FIG.3 may be adapted to work with 
different implementation constraints. 
As depicted in FIG.3, a number of colors to be used for the 

barcode are determined (step 302). The number of colors may 
depend upon the type of barcode. For example, if the barcode 
type allows use of two colors, then the number of colors is 
determined to be two. In general, if the barcode type allows 
use of “N” colors, then the number “N” is determined in 302. 

Using the colors from the list of permissible colors, a list of 
color combinations that are Suitable for printing and scanning 
the barcode are determined (step 304). Each combination in 
the list of combinations may have up to the number of colors 4 
determined in 302. For example, if the barcode allows use of 
two colors, namely a foreground color and a background 
color, then each combination pair in the list comprises two 
colors. In this scenario, the list “S” of combinations may be 
represented as follows: 
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S={(BFI), (B2F), ... (B.F.)} 

where each combination (B.F.) comprises a background 
color and a foreground color. The color combinations may 
depend on the reading technology, printing technology, and 
the barcode technology. For example, for reading Interleaved 
2/5 with laser scanners, it is more suitable to have a light 
background color that is towards the red end of the spectrum 
and a dark foreground color that is towards the blue end of the 
spectrum. In general, if the barcode type allows printing with 
“N” colors corresponding to “N' parts of the barcode, the 
combination list S is composed of elements that each com 
prise up to N colors (C1, C2, C3, ..., CN). 
A set of dominant colors is determined based upon the area 

within the electronic document that has been determined for 
positioning the barcode (step 306). The number of colors in 
the set of dominant colors may vary. In one embodiment, if 
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“N” colors can be used for the barcode as determined in step 
302, then up to “N’ dominant colors may be determined in 
306. 

Different techniques may be used to determine the set of 
dominant colors. According to one technique, a region of the 
electronic document around and including the area where the 
barcode is to be positioned is analyzed and a color histogram 
computed for the region. For example, if the barcode is to be 
positioned in a square area with specific coordinates in the 
electronic document, then a region encompassing the square 
area and possibly other area around the square area may be 
chosen for the analysis. Colors representing the histogram 
bins with the highest number of pixels are selected as the 
dominant colors. According to another technique, the color of 
each pixel in the region of the electronic document to be 
analyzed is quantized using a large quantization step in a 
given color space, connected component analysis is per 
formed, regions with the largest number of pixels are deter 
mined, and colors of these regions are selected as the domi 
nant colors. Various other techniques and combinations 
thereof may also be used for determining the dominant colors 
based upon the area of the electronic document where the 
barcode is to be positioned. 
A color combination from the set of color combinations 

determined in 304 that is closest to or most similar to the 
dominant colors determined in 306 is then determined (step 
308).Various techniques may be used to determine the closest 
combination. For example, lets assume that each combination 
in the set of combinations determined in 304 comprises two 
colors (B. F.), a background color and a foreground color, 
and that two dominant colors (D, D.) are determined in 306. 
Given this, there are several techniques (three of which are 
described below that may be used to determine the closest 
combination (B. F.) from the set of combinations. 

(1) The differences in the weighted sums of color pairs are 
minimized. 

(B. F.) = min {d(aB + bi, CD + dD2)} 
(Bi. FieS 

where a, b, c, and dare weighted constants, d is the Euclidian 
distance. 

(2) The Sums of distances in the weighted color pairs are 
minimized. 

(B. F.) = min {d(aB, CD1) + d(bF + dD2)} 
(Bi. FieS 

where a, b, c, and dare weighted constants, d is the Euclidian 
distance. 

(3) First, determine the barcode background color as the 
color that is most similar to 

Then, given B, determine the set of foreground colors avail 
able for printing, set SF-F, F2,..., F. Lastly, determine 
the barcode foreground color as the color that is most similar 
to D, 

Frn 

It should be apparent that various other techniques may 
also be used. Further, the color combination that is deter 
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mined in 308 may comprise one or more colors. The one or 
more colors in the color combination determined in step 308 
are then selected or designated as the colors to use for the 
barcode (step 310). 

FIG. 4 depicts results of the performing processing accord 
ing to an embodiment of the present invention. A colored 
electronic document is received in which a barcode is to be 
placed. A portion 400 of the document is depicted in FIG. 4. 
Information is also received indicating that the barcode is to 
be associated with image 402 in the electronic document. 
Processing is then performed to determine an area in the 
electronic document for placing the barcode. The processing 
takes into consideration the image 402 and its Surrounding 
area. An area 404 is then determined for positioning the 
barcode. As depicted in FIG. 4, area 404 is determined such 
that it is proximal to image 402 with which the barcode is to 
be associated and at the same time the barcode when posi 
tioned in the area would not obstruct text or contents of the 
electronic document. A set of two colors is then determined 
for the barcode. The colors are determined by analyzing the 
region of the electronic document around and including area 
404 where the barcode is to be positioned. As can be seen 
from FIG. 4, the dominant colors in this region are red and 
black which are also permissible colors for the barcode. 
Accordingly, a barcode 406 is printed in colors red (back 
ground color) and black (foreground color) and positioned in 
area 402. As is evident from FIG. 4, the colored barcode 
blends in with the surrounding contents of the electronic 
document but is still clearly visible for scanning. 

FIG. 5 is a simplified block diagram of modules that may 
be used to perform processing according to an embodiment of 
the present invention. The modules depicted in FIG.5 may be 
implemented in Software (code modules or instructions) or 
hardware or combinations thereof. Further, the modules 
depicted in FIG.5 depict just one embodiment of the present 
invention and are not intended to limit the scope of the present 
invention as recited in the claims. As shown in FIG. 5, the 
modules may include a permissible colors determiner module 
502, an area determiner module 504, a color determiner mod 
ule 506, a combiner module 508, an output module 510, and 
a printer module 512. 

Permissible colors determiner module 502 is configured to 
determine a list of permissible colors that can be used for the 
barcodes. Module 502 is configured to use information iden 
tifying the barcode type and the reader device to be used for 
scanning the barcode to determine a list of permissible colors 
for printing and scanning the barcodes. Information identify 
ing the list of permissible colors may be communicated to 
color determiner module 506. 

Area determiner module 504 is configured to determine an 
area in the electronic document for placing a barcode. Area 
determiner module 504 may access the electronic document 
and the barcode from an accessible memory location or the 
information may be provided to area determiner module 504. 
Area determiner module 504 may also receive location con 
straints information that may impose constraints on where the 
barcode may be positioned in the electronic document. As 
described above, this may include information identifying the 
size of the area to be used for positioning the barcode, a region 
of the electronic document where the barcode is to be posi 
tioned, an object in the electronic document with which the 
barcode is to be associated, and the like. Upon determining 
the area of the electronic document where the barcode is to be 
positioned, information identifying the determined area may 
be communicated to color determiner module 506, to output 
module 510, and to combiner module 508. 
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Color determiner module 506 is configured to determine a 

set of one or more colors to be used for the barcode. The set of 
colors are selected from the list of permissible colors. Color 
determiner module 506 determines the set of colors based 
upon the area for positioning the barcode determined by area 
determiner module 504. Information identifying the set of 
colors to be used for the barcode may be communicated to 
output module 510 and to combiner module 508. 
Combiner module 508 is configured to generate an elec 

tronic document that comprises the original electronic docu 
ment along with the barcode positioned in the area of the 
electronic document determined by area determiner module 
504 and using the colors determined by color determiner 
module 506. Combiner module 508 may communicate the 
generated electronic document to out put module 510 and 
printer module 512. 

Printer module 512 is configured to print the electronic 
document with the barcode on a paper medium to generate a 
paper document 514. The term "paper' or “paper medium' as 
used in this application is intended to refer to any tangible 
medium on which information can be printed, written, drawn, 
imprinted, embossed, etc. Printing on a paper medium is 
intended to include printing, writing, drawing, imprinting, 
embossing, and the like. Paper document 514 is a printed 
version of the original electronic document with the barcode 
printed in the area determined by area determiner module 504 
and printed using the one or more colors determined by color 
determiner module 506. The printed paper document 514 
may be used for various different applications as described 
above. For example, the printed barcode may be scanned by a 
reader Such as barcode scanner and the information encoded 
by the barcode may be decoded by the reader. The decoded 
information may then be used to initiate a variety of different 
applications such as access to electronic information Such as 
web pages, multimedia information, electronic representa 
tion of the paper document, and the like. 

Output module 510 is configured to output information to 
a user. The information that is output may comprise informa 
tion identifying the area of the electronic document deter 
mined by area determiner module 504 for positioning the 
barcode. This information may include the size of the area and 
the location of the area within the electronic document. The 
output information may also include information identifying 
the one or more colors to be used for the barcode that are 
determined by color determiner module 506. Output module 
510 may also output the electronic document with the bar 
code positioned in it. 

FIG. 6A depicts a paper document 600 comprising a bar 
code that has been printed according to an embodiment of the 
present invention. Paper document 600 depicted in FIG. 6A is 
a page from a magazine. A colored barcode 602 is printed on 
page 600 according to the teachings of the present invention. 
Colored barcode 602 is associated with image 604 printed on 
page 600. The location of barcode 602 and the colors used for 
printing barcode 602 are such that barcode 602 visually 
blends in with the other contents of page 600. This increases 
the aesthetic value of the printed material on page 600. Bar 
code 602 may be scanned using a barcode scanner to initiate 
Some application. As depicted in FIG. 6A, Scanning barcode 
invokes a multimedia player 606 to play a video clip corre 
sponding to the magazine article. The video clip may be 
output on a computer system Such as a portable device, a 
laptop, a cell phone, a kiosk, a television, and the like. Bar 
code 602 thus not only preserves the visual aesthetics of page 
600 but also provides a quick link for accessing electronic 
information corresponding to the magazine article. 
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FIG. 6B depicts a portion of a web page 650 comprising 
barcodes printed according to the teachings of the present 
invention. Web page 650 comprises several barcodes posi 
tioned in different areas of web page 650 and using different 
color combinations. The locations of the barcodes and the 5 
colors used for printing the barcodes are such that the bar 
codes visually blend in with the other contents of web page 
650. This increases the aesthetic value of web page 650. Web 
page 650 along with the barcodes may be printed on paper. 
The barcodes on the resultant paper document may be 10 
scanned using a barcode scanner to initiate applications 652 
corresponding to the barcodes. For example, Scanning a bar 
code may invoke an application that provides access to elec 
tronic information corresponding to the barcode. Each bar 
code on web page 650 may have different electronic 15 
information associated with it. The barcodes thus provide a 
quick link for accessing electronic information while main 
taining the visual aesthetics of web page 650. 

FIG. 7 is a simplified block diagram of a computer system 
700 that may be used to practice an embodiment of the present 20 
invention. As shown in FIG.7, computer system 700 includes 
a processor 702 that communicates with a number of periph 
eral devices via a bus subsystem 704. These peripheral 
devices may include a storage Subsystem 706, comprising a 
memory subsystem 708 and a file storage subsystem 710, user 25 
interface input devices 712, user interface output devices 714, 
and a network interface subsystem 716. 

Bus subsystem 704 provides a mechanism for letting the 
various components and subsystems of computer system 700 
communicate with each other as intended. Although bus Sub- 30 
system 704 is shown schematically as a single bus, alternative 
embodiments of the bus subsystem may utilize multiple bus 
SCS. 

Network interface subsystem 716 provides an interface to 
other computer systems, networks, and devices. Network 35 
interface subsystem 716 serves as an interface for receiving 
data from and transmitting data to other systems from com 
puter system 700. 

User interface input devices 712 may include a keyboard, 
pointing devices such as a mouse, trackball, touchpad, or 40 
graphics tablet, a scanner, a barcode scanner, a touchscreen 
incorporated into the display, audio input devices such as 
Voice recognition systems, microphones, and other types of 
input devices. In general, use of the term “input device' is 
intended to include all possible types of devices and mecha- 45 
nisms for inputting information to computer system 700. 

User interface output devices 714 may include a display 
Subsystem, a printer, a fax machine, or non-visual displays 
Such as audio output devices, etc. The display Subsystem may 
be a cathode ray tube (CRT), a flat-panel device such as a 50 
liquid crystal display (LCD), or a projection device. In gen 
eral, use of the term “output device' is intended to include all 
possible types of devices and mechanisms for outputting 
information from computer system 700. 

Storage subsystem 706 may be configured to store the 55 
basic programming and data constructs that provide the func 
tionality of the present invention. Software (code modules or 
instructions) that provides the functionality of the present 
invention may be stored in storage subsystem 706. These 
Software modules or instructions may be executed by proces- 60 
sor(s)702. Storage subsystem 706 may also provide a reposi 
tory for storing data used in accordance with the present 
invention. Storage Subsystem 706 may comprise memory 
subsystem 708 and file/disk storage subsystem 710. 
Memory subsystem 708 may include a number of memo- 65 

ries including a main random access memory (RAM) 718 for 
storage of instructions and data during program execution and 
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a read only memory (ROM) 720 in which fixed instructions 
are stored. File storage subsystem 710 provides persistent 
(non-volatile) storage for program and data files, and may 
include a hard disk drive, a floppy disk drive along with 
associated removable media, a Compact Disk Read Only 
Memory (CD-ROM) drive, an optical drive, removable media 
cartridges, and other like storage media. 
Computer system 700 can be of various types including a 

personal computer, a portable computer, a workstation, a 
network computer, a mainframe, a kiosk, or any other data 
processing system. Due to the ever-changing nature of com 
puters and networks, the description of computer system 700 
depicted in FIG. 7 is intended only as a specific example for 
purposes of illustrating the preferred embodiment of the com 
puter system. Many other configurations having more or 
fewer components than the system depicted in FIG. 7 are 
possible. 

Although specific embodiments of the invention have been 
described, various modifications, alterations, alternative con 
structions, and equivalents are also encompassed within the 
scope of the invention. The described invention is not 
restricted to operation within certain specific data processing 
environments, but is free to operate within a plurality of data 
processing environments. Additionally, although the present 
invention has been described using a particular series of trans 
actions and steps, it should be apparent to those skilled in the 
art that the scope of the present invention is not limited to the 
described series of transactions and steps. 

Further, while the present invention has been described 
using a particular combination of hardware and Software, it 
should be recognized that other combinations of hardware 
and software are also within the scope of the present inven 
tion. The present invention may be implemented only inhard 
ware, or only in Software, or using combinations thereof. 
The specification and drawings are, accordingly, to be 

regarded in an illustrative rather than a restrictive sense. It 
will, however, be evident that additions, subtractions, dele 
tions, and other modifications and changes may be made 
thereunto without departing from the broader spirit and scope 
of the invention as set forth in the claims. 

What is claimed is: 
1. A method performed by a computer system of position 

ing an image in an electronic document, the method compris 
ing: 

receiving an electronic document; 
receiving information identifying a plurality of colors; 
determining a first area within the electronic document for 

positioning a first image: 
determining, based upon the first area, a set of one or more 

colors from the plurality of colors for generating the first 
image, wherein the set of colors comprises one or more 
colors selected from the plurality of colors that are clos 
est to one or more colors of a region of the electronic 
document comprising the first area and area Surrounding 
the first area and wherein the first image generated using 
the set of colors is readable by a reader device such that 
information encoded by the first image is decodable; 

receiving information indicating a type of the first image; 
receiving information identifying the reader device to be 

used for reading the first image; and 
determining the plurality of colors based upon the type of 

the first image and the reader device to be used for 
reading the first image. 

2. The method of claim 1 wherein the first image is a 
barcode. 
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3. The method of claim 1 further comprising generating the 
first image using the set of one or more colors and positioning 
the first image in the electronic document in the first area. 

4. The method of claim 1 further comprising printing the 
electronic document and the first image on a paper medium to 
generate a paper document such that the first image is printed 
in the first area of the electronic document using the set of one 
or more colors. 

5. The method of claim 1 further comprising receiving 
information specifying a constraint on where the first image is 
to be positioned within the electronic document, and wherein 
determining the first area comprises: 

determining a portion of the electronic document based 
upon the constraint; 

analyzing the portion to determine a feature of the portion; 
and 

determining the first area based upon the feature of the 
portion. 

6. The method of claim 5 wherein: 
receiving information specifying the constraint comprises 

receiving information identifying a content region of the 
electronic document with which the first image is to be 
associated; and 

determining the portion of the electronic document based 
upon the constraint comprises determining a portion of 
the electronic document comprising the content region 
and a region proximal to the content region. 

7. The method of claim 5 wherein analyzing the portion to 
determine a feature of the portion comprises determining an 
area of low variance in the portion. 

8. The method of claim 1 wherein determining the first area 
within the electronic document comprises: 

determining a size of the first area; and 
determining a location in the electronic document of the 

first area. 
9. The method of claim 1 wherein determining the set of 

one or more colors comprises: 
analyzing the region of the electronic document compris 

ing the first area and area Surrounding the first area; and 
determining the set of one or more colors based upon 

analysis of the region. 
10. The method of claim 1 wherein determining the set of 

one or more colors comprises: 
determining a set of one or more color combinations Suit 

able for the first image, each color combination com 
prising two or more colors from the plurality of colors; 

determining a set of one or more dominant colors for the 
region of the electronic document comprising the first 
area and area Surrounding the first area; 

determining a first color combination from the set of one or 
more color combinations that is closest to the set of 
dominant colors; and 

Selecting the one or more colors in the first color combina 
tion as the set of one or more colors for generating the 
first image. 

11. The method of claim 10 further comprising determin 
ing a number of colors allowable for the first image, and 
wherein the number of colors in each color combination in the 
set of color combinations is less than or equal to the number 
of colors allowable for the first image. 

12. The method of claim 1 wherein the number of colors in 
the set of one or more colors is equal to a number of colors 
allowable for the first image. 

13. A computer-readable medium storing a plurality of 
instructions for controlling a data processor to position an 
image in an electronic document, the plurality of instructions 
comprising: 
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instructions that cause the data processor to receive an 

electronic document; 
instructions that cause the data processor to receive infor 

mation identifying a plurality of colors; 
instructions that cause the data processor to determine a 

first area within the electronic document for positioning 
a first image: 

instructions that cause the data processor to determine, 
based upon the first area, a set of one or more colors from 
the plurality of colors for generating the first image, 
wherein the set of colors comprises one or more colors 
selected from the plurality of colors that are closest to 
one or more colors of a region of the electronic docu 
ment comprising the first area and wherein the first 
image generated using the set of colors is readable by a 
reader device such that information encoded by the first 
image is decodable; 

instructions that cause the data processor to receive infor 
mation indicating a type of the first image; 

instructions that cause the data processor to receive infor 
mation identifying the reader device to be used for read 
ing the first image; and 

instructions that cause the data processor to determine the 
plurality of colors based upon the type of the first image 
and the reader device to be used for reading the first 
image. 

14. The computer-readable medium of claim 13 wherein 
the first image is a barcode. 

15. The computer-readable medium of claim 13 wherein 
the plurality of instructions farther comprise instructions that 
cause the data processor to generate the first image using the 
set of one or more colors and to position the first image in the 
electronic document in the first area. 

16. The computer-readable medium of claim 13 wherein 
the plurality of instructions farther comprise instructions that 
cause the data processor to print the electronic document and 
the first image on a paper medium to generate a paper docu 
ment such that the first image is printed in the first area of the 
electronic document using the set of one or more colors. 

17. The computer-readable medium of claim 13 wherein 
the plurality of instructions further comprise instructions that 
cause the data processor to receive information specifying a 
constraint on where the first image is to be positioned within 
the electronic document, and wherein the instructions that 
cause the data processor to determine the first area comprise: 

instructions that cause the data processor to determine a 
portion of the electronic document based upon the con 
straint; 

instructions that cause the data processor to analyze the 
portion to determine a feature of the portion; and 

instructions that cause the data processor to determine the 
first area based upon the feature of the portion. 

18. The computer-readable medium of claim 17 wherein: 
the instructions that cause the data processor to receive 

information specifying the constraint comprise instruc 
tions that cause the data processor to receive information 
identifying a content region of the electronic document 
with which the first image is to be associated; and 

the instructions that cause the data processor to determine 
the portion of the electronic document based upon the 
constraint comprise instructions that cause the data pro 
cessor to determine a portion of the electronic document 
comprising the content region and a region proximal to 
the content region. 

19. The computer-readable medium of claim 17 wherein 
the instructions that cause the data processor to analyze the 
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portion to determine a feature of the portion comprise instruc 
tions that cause the data processor to determine an area of low 
variance in the portion. 

20. The computer-readable medium of claim 13 wherein 
the instructions that cause the data processor to determine the 5 
first area within the electronic document comprise: 

instructions that cause the data processor to determine a 
size of the first area; and 

instructions that cause the data processor to determine a 
location in the electronic document of the first area. 10 

21. The computer-readable medium of claim 13 wherein 
the instructions that cause the data processor to determine the 
set of one or more colors comprise: 

instructions that cause the data processor to analyze the 
region of the electronic document comprising the first 15 
area and area Surrounding the first area; and 

instructions that cause the data processor to determine the 
set of one or more colors based upon analysis of the 
region. 

22. The computer-readable medium of claim 13 wherein 
the instructions that cause the data processor to determine the 
set of one or more colors comprise: 

instructions that cause the data processor to determine a set 
of one or more color combinations suitable for the first 
image, each color combination comprising two or more 
colors from the plurality of colors: 

instructions that cause the data processor to determine a set 
of one or more dominant colors for the region of the 
electronic document comprising the first area and area 
Surrounding the first area; 

instructions that cause the data processor to determine a 
first color combination from the set of one or more color 
combinations that is closest to the set of dominant col 
ors; and 

instructions that cause the data processor to select the one 
or more colors in the first color combination as the set of 
one or more colors for generating the first image. 

23. The computer-readable medium of claim 22 wherein 
the plurality of instructions further comprise instructions that 
cause the data processor to determine a number of colors 
allowable for the first image, and wherein the number of 
colors in each color combination in the set of color combina 
tions is less than or equal to the number of colors allowable for 
the first image. 

24. The computer-readable medium of claim 13 wherein 
the number of colors in the set of one or more colors is equal 
to a number of colors allowable for the first image. 

25. A system for positioning an image in an electronic 
document, the system comprising: 

a processor; and 
a memory coupled to the processor, the memory config 

ured to store an electronic document; 
wherein the processor is configured to 

receive information identifying a plurality of colors; 55 
determine a first area within the electronic document for 

positioning a first image: 
determine, based upon the first area, a set of one or more 

colors from the plurality of colors for generating the 
first image, wherein the set of colors comprises one or 60 
more colors selected from the plurality of colors that 
are closest to one or more colors of a region of the 
electronic document comprising the first area and 
wherein the first image generated using the set of 
colors is readable by a reader device such that infor- 65 
mation encoded by the first image is decodable; 

receive information indicating a type of the first image: 
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18 
receive information identifying the reader device to be 

used for reading the first image; and 
determine the plurality of colors based upon the type of 

the first image and the reader device to be used for 
reading the first image. 

26. The system of claim 25 wherein the processor is con 
figured to generate the first image using the set of one or more 
colors and position the first image in the electronic document 
in the first area. 

27. The system of claim 25 further comprising: 
a printer configured to print the electronic document and 

the first image on a paper medium to generate a paper 
document Such that the first image is printed in the first 
area of the electronic document using the set of one or 
more colors. 

28. The system of claim 25 wherein the processor is con 
figured to: 

receive information specifying a constraint on where the 
first image is to be positioned within the electronic docu 
ment; 

determine a portion of the electronic document based upon 
the constraint; 

analyze the portion to determine a feature of the portion; 
and 

determine the first area based upon the feature of the por 
tion. 

29. The system of claim 25 wherein the processor is con 
figured to determine the first area within the electronic docu 
ment by: 

determining a size of the first area; and 
determining a location in the electronic document of the 

first area. 
30. The system of claim 25 wherein the processor is con 

figured to determine the set of one or more colors by: 
analyzing the region of the electronic document compris 

ing the first area and area Surrounding the first area; and 
determining the set of one or more colors based upon 

analysis of the region. 
31. The system of claim 25 wherein the processor is con 

figured to determine the set of one or more colors by: 
determining a set of one or more color combinations Suit 

able for the first image, each color combination com 
prising two or more colors from the plurality of colors; 

determining a set of one or more dominant colors for the 
region of the electronic document comprising the first 
area and area Surrounding the first area; 

determining a first color combination from the set of one or 
more color combinations that is closest to the set of 
dominant colors; and 

selecting the one or more colors in the first color combina 
tion as the set of one or more colors for generating the 
first image. 

32. An apparatus for positioning an image in an electronic 
document, the apparatus comprising: 
means for receiving an electronic document; 
means for receiving information identifying a plurality of 

colors; 
means for determining a first area within the electronic 

document for positioning a first image; 
means for determining, based upon the first area, a set of 

one or more colors from the plurality of colors for gen 
erating the first image, wherein the set of colors com 
prises one or more colors selected from the plurality of 
colors that are closest to one or more colors of a region 
of the electronic document comprising the first area and 
area Surrounding the first area and wherein the first 
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image generated using the set of colors is readable by a 
reader device such that information encoded by the first 
image is decodable; 

means for receiving information indicating a type of the 
first image: 

means for receiving information identifying the reader 
device to be used for reading the first image; and 

means for determining the plurality of colors based upon 
the type of the first image and the reader device to be 
used for reading the first image. 

20 
33. The apparatus of claim32 further comprising means for 

generating the first image using the set of one or more colors 
and positioning the first image in the electronic document in 
the first area. 

34. The apparatus of claim32 further comprising means for 
printing the electronic document and the first image on a 
paper medium to generate a paper document such that the first 
image is printed in the first area of the electronic document 
using the set of one or more colors. 

k k k k k 
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